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SUMMARY

This report presents the results of tests of a 0,35-scale
model of the Bell P-39N-1 airplane, Included are the longl-
tudingl-stability end -—control characteristics of the alrplane
as indicated by tests of the model equipped with each of two
different sets of elevators. The results indicate good longi-—
tudinal stability and control throughout the speed range
encountereble in flight. The variation of estimated stick
force with speed was less when the model was equipped with
elevators constructed to the theoretical Gesign dimensions
than when equipped with elevators as bullt to scale from ~
meeasurenents of the corresponding parts of the actual airplane,
The predicted stick forces required to produce the normal
accelerations attainable in flight are within the limits

specified by the Army Alr Forces,

UNAVAILABLE
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INTRODUCTION

Tests of a 0.35-scale model of the Bell P-39N-1 airplane
have been made in the fmes 16-foot wind tunnel, The purpose
of the investigatlon wes to obtain longitudingl..stability and
;control date and pressure data for correlation with similar
data ss mecsurcd on the alrplane in comprehensive flight tests.
To further the success of thig correlastion, the scale model
was deslgned to reproduce as exactiy as possible gll detalls
of the speclfic givnlaene usecd in the flight tests., Two
different olevgtors were tosted: one scaled dowm from the
sctual airplans, end the other built to the theofefical design
dimensions.

The gonersl acrodynamic and control characterigtics as
obtained from the wind-—tunnel tests of the model with the

Propeller off are presented in this report.
DESCRIPTION OF ifODEL AND APPARATUS

The 0,.35-scale model of the Bell P-39N-1 airplane was
designed and built at the Ames Aeronautical Laboratory. In
order to assurc sufficient strength, and still provide room
for a 350-horsepower motor, the fuselage was constructed of a
steel frame with a covering of alumlnum castings shaped to
proper contour. The wing and slevators were constructed of
steel spars with mahogany coverings. The lines of the fuse-
lage, vertical t8il, and horizontal stabillzer were taken
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from the originsl design dimensions as given by the Bell
Aircraft Corporation, while the wing and elevator sections
were determined from ﬁeasurements of the corresponding
gections on the airplane used for flight testa. The elevaltors
corresponding to those determined by measurements from the
airplane are hereinafter referred to as the "normal ele—
vators,' while those having the theoretical sections are
referred to as the "theoreticel elevators." Elevator hinge
moments were measured with an electrical-resigtance strain
gage,

Verious model accessories installed on the model during
drag measurenents included: two radio masts (fore and aft),
8 yaw hedd, two alrspeed heads, insulators, and a bomb racx.
These items corresponded to the external accessorleg in place
during the flight tests.

The model was mounted in the wind tunnel on the four
S-percent—-thick front struts and the 7-percent~thick lower
reer strut, The front strut spacing was 76 incues, All
struts were unshlelded,

A three—view drawving of the model is shown in Tigure 1.
Figure 2(z) shows the model mounted in the tunnel and
figure 2(b} showe the model with the varlous accessories in

prlace,
DIUENSIONAL DATA

The followlng 1s a 1ist of the pertinent dimensions of



Y

the model and the alrplane:

Grogs weight, pounds, . o + « + + &
Wing area, square feet. . . « ¢ . o
Agpect ratioc. « . . + ¢ ¢+ v 4 e e
Span, feet ., . ¢« ¢ & ¢ . o e e .
Mean aerodynamic chord, feet., . ,
Horizontal~tail area, square feet .,
Horizontal-talil span, feet, ; . o« e
Tail length (c.g. to one-third root.
chord), feet. . . o + + « o s s o
Elevator area (one), aft of hinge,
square feet ¢ ¢« ¢« + o« ¢ o ¢« + ¢ &
Elevator span {(one), feet . . . . .
Elevator mean-squere chord, behind
hinge line, square feet « « . «
Elevator—tab area (each), square
feets « « ¢ « ¢ v v o000 e e
Ailrplane center—of-gravity location,
percent A C, . . . . . . .
Digtance of center of gravlty above
M, AC,, feeb, . . . . . . . . ..
Normal stabilizer incidence relatlve

to thrust axis, degrees . « « .«

NACA Rl No. A6L27

0.3b~scale P-39N-1
model alrplane
7629

26.3% 213,22
5.42 5.42
11.9 2L.0
2,352 6.720
5.02 40,99
k.55 13.0
5.24 14,95
0.772 6. 30
2,14 6.11
0.125 1.020
0.0702 0.86
28,5

0,909
2-1/U 2-1/4
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COEFFICIENTS AND SYMBOLS

The data were reduced to the standard NACA coefficients
which are based on the model wing area and mean aerodynamic
chord, Pitching moments were computed about a center of

gravity at 28,5 percent of the mean aserodynamic chord.,

The coefflcients and symbols used are defined as follows:

Cr, 1ift coefficient (%}

Ong. g'. pitohing-moment coefficient ( Digg.h%ﬁi% e

Ohe elevator hinge~moment coefficient (elevatdfhin%gégment:)

qbe ce2

Cp drag coefficient (g%E?i) |

q free—stream dynamic pressure (4pV?), pounds per
square foot

5 wing area, square feet

be effective elevator span, feet

Ce”® mean square of elevator chord aft of hlnge line,
square feet

1t stablilizer incidence relative to thrust axis, degrees

W gross weight, pounds

M.A.C. mean gerodynamic chord, feet

v velocity, feet per second

Vi indicated alrspeed, miles per hour
Vmph veloclity, miles per hour

o, uncorrected angle of attack of thrust axis, degress
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a angle of attack of thrust axis corrected for tunnel-

wall effects, degrees

o angle of attack for zero 1lift

be elevator deflectlon, degrees

o elevator trim-tab deflectlion, degrees
1 lizoh number (L)

a gpeed of sound, feet per second

h altitude, feet

indicated acceleration of sirplane normal to flight
path, expressed in terms of acceleration of gravity

?B stick force, pounds

REDUCTION OF DATA

The wind-tunnel calibration for dynamle pressure and
llach number was determined from a statlic-pressure survey of
the test section with the model supports in place., Corrsc-
tlons for the constriction due to the model were applied to
the liach number and to the force coefficlents, The calibra-
tion method and constriction corrections are discusaed more

fully in refercnce 1.

Corrections were made for interference of the tunnel
wall and the support system, The incremecnts of angle of
attack, pitching moment, and dreg cauwscd by the tunnel wall
were found by the method of referonce 2. Tare forcos and

momonts due to the lower struts were evaluated by comparing

a run having all four struts in place with one having the
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lower struts removed., It was ppossible to evaluate the effect
of the lower struts at negative and smagll positive 1ifts only
due to limitatlons on the compressive strength of the struts.
The strut compressive strength 1imit necessitated lnverting
of the model in order %o eveluate the tares due to the palr
of struts which enter the wing through the upper surface.

Tho effect of these struts was evaluated only for positive
1lifts. The rear-strut tares found in tests of a similar
model werec used,

The stlick forces required to maintain the airplane in
level unaccelerated flight were calculated from the hinge-
moment coefficients corresponding to the elevator angle
indicated to be necessary to balance the airplane at the
required 1ift coefficlent,

The stick forces required to produce various normal
gccelerations of the airplane were calculated for the instant
that the airplane would be in level flight such as at the
bottom of a pull..out from a dive. The elevator deflection
and the 1ift coefficient necessary to produce the desired
normal acceleration were found. This 1ift coefficient was
evaluated with consideration of the damping moment of the
tail due to the curved flight path of the airplane; that is,
the curved flight path causes an effective increase in the
incidence of the tail. The elevabtor deflectlon and required
1if% coefficient were used to find the elevator hinge-moment

coefficient from which the stick force was then calculated,
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RESULTS AND DISCUSSION

Longitudinal Characteristics

The 1ift, drag, and pitching-moment characteristics of
the P-%39N-1 model with and without the tall are presented in
figures 3 and U4, respectively.

The effect of liach number on the drag coefficient at
various 1lift coefficients is 1illustrsted in figure 5, Beyond
the lMach number of drag divergence the drag increased sharply,
the rate of incresse becoming greater with increasing 1lift
coefficlent. The lach number of drag divergence obtained
from flight tests and presented 1n reference 3 was 0.04 %o
0.05 lower than that obtained in the wind-~tunnel tests.
Preliminary tests of the model wlth the propeller indlcate
that the earlier drag dlvergence found in the flight tests
could be attributed in part to the effects of the propeller.
Up to a Hach number of 0.725 the increments in drag due to
the tall and to the various accessorles (two alrspeed heeads
and a yaw head mounted on booms, two radlic masts, a bomb rack,
and antenna insulators on the fuselage) were each approximately
0.0025,

The varistion with HMach number of the angle of attack for
zero 1lift and of the slope of the 1ift curve are shown in
figure 6, It can be seen that the effect of Hach number on
the angle of attack for zero 1ift is negligible up to a lach

number of 0.8 and that above this value the angle increases
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rgpidly. The small change in angle of attack for zero 1lift
up to high Hach numbers mgy be atiributed mainly %o the
symmetrical section of the wing rooi. The lift—curve sglope
ghowe the usual increase with lMach number up to the Mach
number of 1ift divergence, decreasing sharply beyond this
point. As can be expected, the variation of lift-curve
slop; with lfach number depends upon the 1ift cosefficient at
which the slopes are measured, -

The effects of Mach number on pitching-moment coefficient
and 1ift coefficlent are illustrated in figure 7. Both sets
of curves reflect the influence of Mach number on the 1ifte
curve slope and the angle of attack for zeroc 1if%, the
gradual increase of 1ift coefficient and pitching-~moment
coefficient up to their Mach numbers of divergence being due
largely to the increase of lift-curve slope. Above the lach
numbers of 1ift and pitching-moment divergence, there is a
rapid decrease of 1ift coefficlent and pitching—moment coef—
ficient due to the decrease in airplane lift-curve slope and
the increase in the angle of gttack for zero 1lif%.

Figure 8 shows that the stabillizer effectiveness
—dC, /41y 1increases with Mach number, the value at a Mach
number of 0.85 being approximately 3% percent more negative
than that at a Hach number of O.,4%., This increase of
~40p/d1y, with the dedrease of lift-curve slope, at high
Mach numbersg results in the rgpld deocrease of pliching-moment
coefficlent above the Mach number of pitching-moment diver—

gence. Also 1llustrated in figure 8 is the small effect
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of lMach number on the effectiveness ¢oCp/d8e of both

normgl and theoretical elevators. The variation of OCyL/084
through the range of angle of attack encountered in high-speed
flight was negligible for both elevators. The curves of
figure 8 show the theoreticasl elevator %o be about 7 percent
more effective than the normal elevator.

The static longitudinal stabllity of the model is illus-
trated in figure 9 by the varilation with lach number of the
stick-fixed neutral point at three 1ift coefficients. Here
too, the effects of Mach number on airplane lift-curve slo@e
and tall effectiveness may be seen in the greatly increased
gtability at the higher speeds,

Blevator Control Forces

The variation of pitching-moment coefficlent and elevator
hinge-moment coefficient with elevator engle for several 1if%
coefficlents and liach numbers is showvm in figure 10 for the
normal elevator and in figure 11l for the theoretical elevator.
Study of these curves reveals that the effect of Mach number
on ‘bche/ése is small for both elevators and that the value
of éche/bcL is_small and not greatly affected by iach number
wlthin the range of 1ift coefficlents and elevator angles
encountered at high speeds.. In general, the effccts of surface
irregularities on the normal elevator were to decrease the

elevator effectiveness and the hinge moment.
In figure 12 the variation of elevator trim-tab
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effectiveness with Mach number is shown. The tab malntains
1ts effectivenecss throughout the liach number range in which
it was tested and is only slightly influenced by moderate
variations in elevator angle and 1ift coefficlent,

Figure 13 presents the variation with indicated airspeed
of elevator angle and stick force for level flight at three
altitudes, with the trim tab neutral, The curves of elevator
angle snd stick force for sea—~level conditions hgve been
extrapolated from the 0.4 Hach number to lower speeds %o
obtain the trim speed of the airplane. It is apparent that
with the theorsestlcal elevator the alrplane balances at a
lower speed for zero elevator deflection and the stick-fixed
stability 1s in general slightly less than with the normal
elevators, The difference in trim speed is equivalent to a
smgll difference in gtablilizer incidence, whlle the decreased
stick~fixed stability with the theoretical elevator is
evidently due to its greater effectiveness. In spite of the
fact that larger deflections of the theoretical elevator were

required to balance the model, the normal elevator produced
larger stick forces due to the Gecrease in the hinge moment

caused by the deformed surfaces,

Comparison of parts (a), (b), and (¢) of figure 13 shows
the effects of altitude on the variation of elevator angle
and stick force with indicated alr speed. In general, the
stick-fixed stability increased with altitude, and the stick

force lncreased slightly for a constant indicated airspeed.
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At constant Mech number the stick force decreased with increas-
ing altitude.

The calculated stick force required at different altitudes
for various normal accelerations in pull-ups is shown in figure
14, At sea level a linear variation of stick force with normal
acceleration was calculated for liach numbers up to about 0,725.
The effect of altitude, in general, ig to increase the stick-
force gradient Fg/n for each particular Mach number., Figure
15 shows that for constant values of normal acceleraticn, the
effect of lfach number on the stick force is negligible until
0.7 Mach number is reached. For lach numbers above 0.7, the
stick force increases more rapidly with speed for the larger
values of normal acceleration. In general, at a given lach
number the stick force required %o produce a given normal
acceleration increases with altitude, The prediected stick
forces for normal accelerations encountered in flight are not
excessive and are within the limits specified by the Army Air

Forces in reference L,

CONCLUSIDNS

The high—speed wind-tunnel %tests of the 0.,35-scale model
of the P~39N-1 indicate the following:

1. The model exhibited an increase in longitudinal
etabllity and a slight diving moment at high Mach numbers,
but the avallable elevator control wae sufficient to overcome

these tendencies at all flight Mach numbers of the P-39N-1
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alrplane,

2. The stabllizer effectiveness increased considerably
with Ifach number, wWhile the elevator effectiveness was
practlcally unchanged.,

3. The elevator-tab effectiveness showed noc change
with Mach number and was 1ittle affected by changes in
elevator ahgle and 1ift coefficient.

4, Comparison of the normel elevators (whioch were
scaled from the actual airplane) with those as constructed
from the theoretlcal design dimensions shows that although
emgller deflections of the normal elevators were required
for balancing the airplane they »produced larger stick forces
than did the theoretical elevatbors.

Ames Aeronautical Laboratory,

Natlional Advisory Commlittee for Aeronasutics,
ioffett Field, Calif.

Robert C. Robinson, Angelo Perone,
Aeronautical Engineer, Aeronautical Engineer,

Approved:

D ek FE0 )k

Donald H. Wood,
Aerongutical Engineer,
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FIGURE LEGENDS

Figure 1.~ Three~view drawing of the .35 scale model of the
P.39N-1 airplane,

Figure 2.~ The 0.35=scale model of the Bell P-39N-1 airplane
28 tested in the 16-foot wind tunnel.

Figure 3..- Lift, drag, and pitching-moment cheracteristics
of the P-39N-1 model at seversl liach numbers with the
tall at the standard setting of 2-1/4° and 5, = 0°,

Figure 4.~ Lift, drag, end pitching-moment characteristics
of the P-39N-1 model without a %ail at several Mach
numbers.,

Figure 5.,- Variation of drag coefficient with liach number
for the P-39N-1 airplane nodel,

Figure 6.~ Variation of the angle of attack for zero 1ift
and the slope of the 1ift curve with lach number.
8g = 0°; P~-39N-1 model.

Figure 7.~ The varlation of pitching-moment coefficient and
1ift coefficient with Mach number at several attitudes.
8g = 0°; P~39N-1 model.

Figure &.~ Variation of stabilizer effectiveness and elevator
effectiveness with llach number for the P-39N-~1l model.

Figure 9.— Varietion of the stick~Tixed center—of-gravlity
position Tor neufral stabilifty with liach number st
different values of 1ift coefficient. P-39N-1 model.

Figure 10.—~ Variation of pitching-moment and elevator hinge—
moment coefficients wi%h elevator angle for constant 1ift
coefficients, N r?al elevaﬁors; 1y = 2-1/4%; & = 09;
P-39N~1 model. ?a Ii = 0,

Figure 10,-~ Continued, P-39N-1 model. (b) I = 0,55.

Pigure 10.~ Continued. P-39W-1 wodel. (c) U = 0,65,

Pigure 10.- Continued. P-39I-1 model, (d) 1= 0,70

Figure 10.~ Continued. P-39H-1 model. (e) ii= 0.725

Figure 10.~ Continued., P-39N-1 model. (f) U = 0.75

Figure 10.~ Continued. P-391-1 model., (g) 1 = 0.775

]
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Figure 10,~ Continued. P-39N-1 model., (h) M = 0,80,

Figure 10.- Continued. P-39N-1 model. (i) M = 0,825

Figure 10.- Concluded. P-39N-1 model. (}) ¥ = 0.85

Figure 1l.- Variation of pitching-moment and elevator hinge—
moment coeflficlents with elevator angle for constant 1ift
coefficients. Theoretical glevators; iy = 2-1/49; §4 = 0%;
P-39N-1 model. (a) ¥ = O.k,

Figure 11,- Continued. P-39N-1 model. (b) ii = 0.55.

0.65.

Figure 1l.- Continued. P-39N-1 model. (d) 1 = 0,70.

I

Figure 11,—- Continued. P-39N-1 model, (ec) U

Figure 11.~ Continued. P-39N-1 model. (e) 1l = 0,725.

Figure 11.- Continued., P-39N-1 model, (f) 1Ii = 0.75.

Figure 11l.- Continued, P-39N-1 model, (g) M = 0,775

Figure 11.— Continued. P-39N-1 model, (h) ¥ = 0,80

Figure 11,- Continued. P-39N-1 model, (i) M = 0.825

Figure 11,.- Concluded. P-39N-1 model, (J) I = 0.85

Figure 12,~ Variation of elevator trim-tab effectiveness with
Mach number at Aifferent elevator angles and 1ift coeffl~
cients. P-39N-1 model,

Figure 13,- Variation of elevator angle and etick force with
indicated airspeed for balance of the P-39N-1 airplane in
level flight. _As predictedofro? tests of a 0,35-scale
model., 61: = 09; lg = 2-1/4°, a) Sea level.

Figure 13.~ Continued., P-39N-1 model, (b} h = 15000 feet.

Figure 13.- Concluded. P-39N-1 model, (c) h = 25000 feet,

Figure 1U4,- Variation of stick force with indicated normal
acceleration for vorious lfach numbers at different
eltitudes. Normal elevators; i, = 2-1/4°, P-3Z9H-1 model,

Figure 15.~ Variation of stick force with Mach number for

constant values of indicated normal scceleration. Normal
elevators; 1; = 2-1/4°; P-39N-1 model.
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FIGURE 1.- THREE-VIEW DRAWING OF THE .35 SCALE

MODEL OF THE P-3SN-! AIRPLANE .
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS



Front view of the P-39N-1 model mounted in
the tunnel.

(b) Three-quarter front view of the P-39N-1 model
showing accessories in place.

Figure 2,~ The 0,35~scale model of the Bell P-39N-1 airplane
as tested in the 16-foot wind tunnel.

NATIONAL ADYISORY COMMITTEE FOR AERONACTICH
— AMES AFRONAUTICAL LABORATORY,~ MOFFETT FINLI, CALIE.
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